 Phase Transformations in Materials (445.302)
Oct. 4, 2008
1. (20%) (a) Estimate the change in the equilibrium melting point of copper caused by a change of pressure of 109 N/m2. The molar volume of copper is 8.0x10-6 m3 for the liquid and 7.6x10-5 for the solid phase. The latent heat of fusion of copper is 13.05 KJ /mol. The melting point is 1085(C. (b) When copper was mixed with 40 mol. % of Zn at 1250(C, it showed a regular solution behavior and Zn was 0.552. Estimate the enthalpy of mixing. (R= 8.3144 J/mol/K)

2. (10%) Using the relationship below show that the intercepts of the tangent line at a composition, x, are chemical potentials of A and B elements in a free energy diagram and (GM vs. Composition) 

dGM = AdXA + BdXB

3. (10%) Show that the distance an atom moved randomly after n jumps is equal to [image: image1.png]


, where  is the jump distance of an atom. Explain the procedure of the calculation. (Hint: Use vector approach)
4. (20%) Derive an equation for (a) steady-state and (b) non steady-state diffusion. 

5. (20%) (a) Show the effect of particle size of a phase on the solubility of a solute element. (b) If  precipitates in  phase, calculate the solubility of B in  phase. The surface energy of the phase is 200 mJ/m2, Vm = 10-5 m3, and the radius of the phase is 10 nm. It is known that the solubility of B in  phase is 0.35 wt.% when the phase interface is flat with . T=500K.
6. (20%) (a) A general solution of thin film diffusion can be expressed as c(x,t) = h(t) exp[
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]. Find an exact solution for the thin film diffusion in an infinite system when the thickness and concentration of the film are b and c’, respectively and (b) a steel bar was placed in a furnace for diffusion. The bar on the left side bar has C’ and one on the right has C” wt. % of carbon and the diffusivity of carbon is D. Develop an equation for the carbon concentration of the bar on the right side as a function of time and distance.  

7. How many classes have you missed during the period of 9/1-10/1/2008?  (  )
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